Sampling in the deep sea is a technical challenge, which has hindered the acquisition of robust datasets that are necessary to determine the fine-grained biological patterns and processes that may shape genetic diversity. Estimates of the extent of clonality in deep-sea species, despite the importance of clonality in shaping the local dynamics and evolutionary trajectories, have been largely obscured by such limitations. Cold-water coral reefs along European margins are formed mainly by two reef-building species, Lophelia pertusa and Madrepora oculata. Here we present a fine-grained analysis of the genotypic and genetic composition of reefs occurring in the Bay of Biscay, based on an innovative deep-sea sampling protocol. This strategy was designed to be standardized, random, and allowed the georeferencing of all sampled colonies. Clonal lineages discriminated through their Multi-Locus Genotypes (MLG) at 6 to 7 microsatellite markers could thus be mapped to assess the level of clonality and the spatial spread of clonal lineages. High values of clonal richness were observed for both species across all sites suggesting a limited occurrence of clonality, which likely originated through fragmentation. Additionally, spatial autocorrelation analysis underlined the possible occurrence of finegrained genetic structure in several populations of both L. pertusa and M. oculata. The two cold-water coral species examined had contrasting patterns of connectivity among canyons, with among-canyon genetic structuring detected in M. oculata, whereas L. pertusa was panmictic at the canyon scale. This study exemplifies that a standardized, random and georeferenced sampling strategy, while challenging, can be applied in the deep sea, and associated benefits outlined here include improved estimates of fine grained patterns of clonality and dispersal that are comparable across sites and among species.
Introduction
Limited accessibility of the deep sea represents a major obstacle for scientific research. In particular, conducting a rigorous sampling strategy is de facto challenging. This logistical difficulty partly explains gaps in our knowledge of major ecological and/or evolutionary trends shaping the evolution and dynamics of deep sea species and populations (but see Pawlowski et al., 2007; Van Dover et al., 2002; Vrijenhoek, 1997; Won et al., 2003) , though recent improvements in technology have increased access to deep sea ecosystems. Notably, the empirical studies dedicated to fine-grained patterns of relatedness and associated key processes (such as spatial distribution of MLGs and recruitment) within populations often require standardized and high density sampling to allow thorough understanding of small scale distribution and dynamics and rigorous inter-site comparisons. Yet, standardization of sampling strategies is rare because the collection of samples is time consuming and technically difficult.
Among deep sea ecosystems discovered during recent decades, cold-water coral (CWC) reefs have been the subject of increasing research efforts to improve our understanding of their extent and role in supporting biodiversity along continental margins. Despite recent efforts, exploration of CWC reefs remains preliminary and fragmentary. These organisms represent the structural basis of key deep ecosystems, forming important three dimensional biological structures (Rogers, 1999) . Similar to their In CWC, sexual reproduction occurs either in the water column or in the maternal colony through the fertilization of eggs. Gametes then develop into planula larvae that are dispersed via the water column.
Their post-dispersal recruitment initiates the formation of a colony, corresponding to a unique genetic individual, as observed for the coastal gorgonian Corallium rubrum (Costantini et al., 2007a; Costantini et al., 2007b) . Clonal reproduction is expected to occur through the fragmentation of colonies, where broken fragments form new colonies. This mimics the phenomenon of clonal elongation, which is well known for terrestrial and marine plants (Arnaud-Haond et al., 2012; Douhovnikoff et al., 2005; Schmid and Harper, 1985) .The release of ameiotic larvae may represent a second source of clonal reproduction, although Dahl et al., (2012) suggest that asexually produced larvae do not occur in L. pertusa. Fragmentation leads to the potential for multiple occurrences of a genet, a unique genetic individual, occurring in different geographic locations as ramets deriving from a common sexual event (sensu Eriksson (1993) . Partial clonality deeply influences the population dynamics and evolutionary trajectories, including the ability to disperse, occupy space and colonize new environments during periods of climate change, or to recolonize depleted environments such as reefs heavily impacted by deep sea trawling (Fossa et al., 2002; Roberts and Hirshfield, 2004) .
Notably, this life-history trait impacts the fine-grained (i.e. intra-population) genotypic and genetic structure, as shown for both terrestrial (Vekemans and Hardy, 2004) and marine species (Becheler et al., 2010; Blanquer et al., 2009; Dahl et al., 2012; Hammerli and Reusch, 2003; Shurin et al., 2009) , through spatial competition among established clones and equilibrium between migrant recruitment and vegetative growth. Statistical descriptors of clonality are largely influenced by sampling scheme and strategy and relevant assessment of clonal features requires standardized sampling. The extent of clonality and the estimate of fine-grained genetic structure should account for multiple occurrences of identical genotypes (ramets). It is therefore necessary to obtain geographical information for each sampling unit .
Although the literature on clonal reproduction is abundant for shallow-water corals (Baums et al., 2014; Baums et al., 2006; Boulay et al., 2012; Coffroth and Lasker, 1998; Foster et al., 2007; Hunter, 1993; Pinzón et al., 2012) , very few studies have thus far addressed the issue of clonal versus sexual reproduction in CWC. An assessment of the degree of clonality, in Eastern North Atlantic L. pertusa reefs, suggests highly variable levels of clonal richness among sites, from cases in which all colonies exhibit distinct genotypes, to the other extreme where most colonies originated from the same clonal lineage and share the same multi-locus genotype (MLG) (Le Goff-Vitry et al., 2004) . The highest rates of clonality could not be explained by edge effects of species range known to favor a high rate of clonality Baums et al., 2006) , as the studied sites were well within the range of L. pertusa populations. Furthermore, samples were obtained via blind trawling so observations may have accurately reflected among-site variation of clonality, but may have been due to the technical artifact of analyzing distinct parts of a single colony fragmented during the trawling, leading to a) an overestimation of intra-site clonality and b) a possible associated overestimation of genetic structure among reefs. In contrast, a local and thorough analysis of a deep reef in Sweden that was exhaustively sampled with geolocation of colonies to map clonal lineages, showed extensive clonal elongation reaching tens to hundreds of meters (Dahl et al., 2012) . However, this last study reported results for a single reef of L. pertusa, therefore, the extent of clonality for this species and its variation across larger spatial scales remains poorly understood. No genetic studies performed on M. oculata exist. Here, we aimed to:
1. Propose a realistic and tested sampling strategy and protocol for deep sea organisms, involving georeferenced sampling according to random coordinates in quadrats of standardized shape and size 2. Characterize the spatial pattern and extent of clonality in both L. pertusa and M. oculata reefs at the scale of the Bay of Biscay, using seven and six microsatellites markers, respectively, to discriminate MLGs 3. Present an analysis of the regional and fine-grained spatial genetic structure within and among reefs.
Material and methods

Study sites
The continental slope of the Bay of Biscay is regularly cut by a succession of canyons connecting the continental shelf and the abyssal plain. In this area, CWC reefs are typically located between 600 and 900 meters depth, standing mostly above soft sediment. In general, reefs in Bay of Biscay are relatively sparse, with heterogeneous density, while size of colonies varies among sites. Eight canyons were explored and sampled during the BobEco cruise (September/October 2011; Figure 1 ). Despite their distance from the coast (approximately 150km), variable and sometimes intense evidence of fishing activity was observed in the canyons. Corals were sampled from five of these canyons ( Figure   1 ) using the strategy detailed below.
2. Sampling strategy and assessment of colony-densities CWC colonies were collected using the Remotely Operated Vehicle (ROV) Victor 6000 (Ifremer, France, Figure 2) . A 100x200 m²-sampling quadrat was first defined and placed on the topographic map used to guide driving and collection in the ROV control cabin, with 30 GPS coordinates randomly generated within this quadrat and identified as particular points on the map. In the Guilvinec and Petite Sole Canyons, two quadrats were designed. For each geographical coordinate, one to three colonies of both L. pertusa and M. oculata were sampled using the manipulator of the ROV (explaining why the sampling size sometimes exceeded 30). Distinct colonies were collected at the same GPS coordinate by targeting different species and different color morphs for the same species or colonies that were separated by 0.5m to 2m. When landing of ROV was impossible due to escarped seabed or high density of coral colonies, or when no colony was available for sampling at the predetermined random coordinate, the closest adjacent point was sampled and a geo-reference of each sample was corrected during the ROV-dive.
Each sampling unit (SU) originated from an identifiable colony. When colonies were broken, distinct fragments were not included in the analysis, in order to prevent overestimation of clonality or the admixture of cryptic but distinct colonies. Once a piece of colony was detached using the ROV manipulator, it was placed in one of the eight individually labelled boxes in a uniquely constructed "coral-case" (Figure 2 , C) that were stored in the drawer of the ROV. Each position in the coral case was then assigned the spatial coordinate of the sampling point. As genetic studies require a relatively high number of samples, three coral cases were used for each dive, sometimes twice. Once a coral case was full, the ROV placed it in a buoyant lift (Figure 2, D) previously positioned in the immediate proximity of the sampling area. Once on the deck, each sample was isolated, 5-10 polyps were immediately processed for DNA extraction on board the ship, and the other portion was preserved in 96% Ethanol for back-up. All DNA extractions and vials containing the archived tissue in ethanol were named according to the unique dive code (three digits) and the coral case in which they were collected.
In addition, the density of L. pertusa and M. oculata colonies was assessed within each sampling quadrat according to a standardized video analysis that was fully described in Arnaud-Haond et al., (2015) in this issue.
3. DNA extraction, microsatellite amplification and loci scoring DNA extraction of M. oculata samples was performed on fresh tissue, using a classical CTAB method (Doyle and Doyle, 1988) . For each colony, a branch around 5 cm in length was crushed and placed in a 2 mL tube , containing 480 μL of CTAB buffer, and 20 μL of proteinase K (20 ng. μL For L. pertusa, 7 microsatellite loci among the 13 proposed by Morrison et al., (2008) were chosen and amplified using the protocol published in Dahl et al., (2012) , except a 55°C annealing temperature was used for the present study. PCR products were visualized using the ABI-3100 FNVR automated sequencer (Applied Biosystems) and scored using Geneious v5.6.4 (Biomatters®).
For M. oculata, 6 microsatellite loci developed by author (Cheryl Morrison) were utilized (Supplementary Table S1 , GenBank accession: KF944311, KF944317, KF944323, KF944330, KF944331, KF944344). A protocol similar to that used for L. pertusa was used to amplify and score the M. oculata loci. Two independent readings were done in order to minimize scoring errors, and corrections were applied when needed, including additional checking of the chromatograms and repeating amplification if the reading was still questionable.
Genotypic and genetic analyses
For both M. oculata and L. pertusa, the power of microsatellite datasets allowed distinction of clones on the basis of the MLGs of each sampling unit . First, allelic frequencies were assessed using the round-robin method (Parks and Werth, 1993) , in order to avoid the overestimation of the frequency of rare alleles. The probability that two identical MLGs originate from distinct reproductive events, noted P sex (F is ), was assessed, taking into account departures from the Hardy-Weinberg (F is ) according to the recommendation of . When P sex (F is ) < 0.01, the two identical MLGs were considered to belong to the same genet . In addition, distinct MLGs that differ at a single locus, could occur in the dataset. This slight difference may be due to somatic mutations or scoring errors (Douhovnikoff and Dodd, 2003) , although these distinct MLGs originate from the same reproductive event. In this case, the number of genets occurring in the dataset is over-estimated. In order to avoid this potential bias, the MLGs distinct for a single locus were screened, and the locus at which they differ was removed. On the basis of the reduced set of loci, P sex (F is ) was re-assessed. When this second P sex (F is ) was less than 0.01 (confirming a scoring error or a somatic mutation), the slightly different MLGs were considered to belong to the same genet, and were grouped within a single Multi-locus Lineage (MLL, ArnaudHaond et al, 2007) . When P sex (F is ) > 0.01, the MLGs distinct for a single locus were considered as two distinct genets. Genotypic datasets were also corrected if needed.
The clonal richness, R, was estimated as the ratio of the number of discriminated genets with the number of sampling units:
with G representing the numbers of genets discriminated for the considered location and N representing the number of sampling units. Using geographical coordinates, the distance (in meters) between the replicates of the same genet was assessed. The clonal sub-range CR Harada et al., 1997) , corresponding the maximum distance between two replicates of the same genet, was assessed for each location. The coefficient of aggregation was also assessed as follows:
with P sg being the average probability of clonal identity of all sampled colonies, and P sp being the average probability of clonal identity among pairwise nearest neighbors. Its significance was estimated after 1000 permutations. Estimations of these parameters of clonal diversity and structure were performed using Genclone 2.1 (Arnaud-Haond and Belkhir, 2007) .
The assessment of genetic diversity and structure was performed using a derived dataset in which a single replicate of each distinct MLL is retained, with Genetix 4.05 (Belkhir et al., 2004) . Genetic diversity within quadrats was estimated using several indices. The mean number of alleles per locus (Â) was standardized to the lowest number of sampling units collected in a quadrat (Table 1 ). The estimates of observed (H O ) and unbiased (H E ) multi-locus heterozygosity (Nei, 1978) were also calculated. The F IS -statistic was also assessed and its significance was tested using a procedure of 1000 permutations. Linkage disequilibrium was assessed using the software Multilocus 1.3
(http://www.bio.ic.ac.uk/evolve/software/multilocus/) through the index ř d . Genetic structure among samples was estimated with θ (Weir and Cockerham, 1984) , providing a value of pairwise F st from a procedure of 1000 permutations. The number of distinct panmictic units occurring in our database was investigated using the Bayesian software STRUCTURE version 2.1 (Pritchard et al., 2000) . Each run began with an initial burn-in of 50,000 cycles followed by 500,000 additional cycles. The number of clusters, K, varied from one to five, and five iterations for each K-value were performed. In all simulations, an admixture ancestry model and correlated allele frequency model were used. The DK criterion of Evanno et al. (2005) was assessed using STRUCTURE HARVESTER (http://taylor0.biology.ucla.edu/structureHarvester/) to choose the most likely K-value.
The aggregation of colonies belonging to the same clonal lineages was tested using the aggregation index . Spatial autocorrelation analyses were also performed including and excluding replicates, to test for the signature of clonal spatial aggregation or restriction to gene flow at the within-quadrat scale (Vekemans and Hardy, 2004) . We used the kinship estimator coefficient of Loiselle (F ij ), computed with Genclone 2.1, as a genetic relatedness statistic (Loiselle et al., 1995) . We performed regression analyses of mean F ij against the mean geographic distance, within each of the six distance-classes. This allowed us to test the adequacy of Isolation by Distance (IBD) models in each quadrat. These analyses were first performed including all sampling units, including the clonal replicates. In this case, the spatial genetic structure (SGS) is mostly influenced by the spatial extent of clones. In a second iteration, spatial autocorrelation was assessed using a procedure of 1000 permutations, in order to include only one replicate from each MLG, at each permutation (randomly choosing one of the possible geographical coordinates). This second step aims to examine the dispersion through sexual propagules, at the within-quadrat scale. The spatial autocorrelation profile, S p (Vekemans and Hardy, 2004 ) is defined by the following:
where F (1) equals the kinship value for the first distance class and b is the slope of the regression.
Values vary from zero (no limitation to gene dispersal at the scale of the sampling) to +∞ (theoretical case, where the structure is maximal). Autocorrelation parameter estimations were performed with GENCLONE 2.1 (Arnaud-Haond and Belkhir, 2007) .
Results
Depending on the abundance of corals and/or restriction of dive time availability and current speed (slowing down the ROV), the duration of dives varied from about 5h to 24h. Ten to 25 minutes were necessary to collect one colony (a mean of 17 minutes), although it should be noted that significant time was consumed when returning coral cases to or recovering them from the lift.
For 200X100m² quadrats, the number of sampling units varied between 24 and 39 colonies for both L. pertusa and M. oculata (except the quadrat of Crozon Canyon where only 13 M. oculata colonies could be collected). For the half-quadrat at Guilvinec Canyon (Q2), 16 and 17 colonies were recovered of M. oculata and L. pertusa, respectively, leading to sampling density that was comparable to full quadrats.
The set of microsatellite markers used in this study distinguished all clonal lineages, with P sex (F is ) being highly significant. Only two slightly different MLGs (a single allele) were detected, one in each of the L. pertusa and M. oculata datasets. The P sex (F is ), assessed after having removed the concerned locus as suggested in , was also significant, and these MLGs were therefore considered as derived from the same event of sexual reproduction but distinct only through one somatic mutation or scoring error, and subsequently merged into a single MLL. We have designated all discriminated genets under the label "MLL".
The levels of clonal richness were comparable and very high for both species, indicating a low rate of clonality at the scale analyzed. The clonal richness ranged from 0.87 to 1 for L. pertusa (Table 1) and from 0.89 to 1 for M. oculata (Table 2) . Within the L. pertusa dataset (177 sampling units, 164 distinct MLLs discriminated), only 13 MLLs with replicates were found. The distance between replicates varied from 0.0m to 151.9m, in the quadrat 1 of Petite Sole Canyon (clonal subrange, Table 1 ). Yet, most distances among identical MLL were considered as null (see Table 1 ), indicating that the replicates were collected on distinct colonies adjacent to each other and sharing the same GPS coordinates. Therefore, real distances did not exceed one meter (see material and methods). Similarly, within the M. oculata dataset (197 sampling units, 187 distinct MLLs discriminated), eight lineages with replicates were detected. Five clusters or pairs of MLL replicates shared the same GPS coordinates. For the three remaining genets, the distance ranged from 10.8m (quadrat 1 of the Guilvinec Canyon) to 79.4m (quadrat 1 of the Petite Sole Canyon).
For both species, a strong homogeneity of the values of allelic richness and heterozygosity was observed among sites. Standardized allelic richness varies from 11.9 to 13.9 and from 4.7 to 5.2 alleles per locus for L. pertusa and M. oculata, respectively (Tables 1 and 2 ). Such a homogeneous distribution of diversity was also seen for both observed and expected heterozygosities (Table 1 and 2). Departures from HWE were variable, with F IS values ranging from null to 0.12 and 0.19 (p < 0.001) for L. pertusa and M. oculata respectively (Tables 1 and 2 ), while linkage disequilibrium was higher in L. pertusa.
The clonal aggregation was significant and similar for both species in each reef where clonal replicates were sampled, with one exception (Petite Sole quadrate 1 for both species, see Table 1 ), supporting rather systematic spatial aggregation of clonal colonies. When including replicates, three significant patterns of spatial autocorrelation were detected for L. pertusa populations and one for M. oculata populations (Tables 1 and 2 , column S p1 ). Yet, when excluding replicates, no significant result was found for L. pertusa, and the M. oculata population from Petite Sole Canyon, quadrat 1, was the only population to show a significant S p2 -value (S p2 = 0.303; p = 0.046, Figure 3 ).
Two contrasting patterns of genetic structuring were obtained for the two species of corals at the regional scale. A weak genetic structure occurred among L. pertusa populations, F st -values were generally low and non-significant (Table 3 ). In contrast, stronger genetic differentiation was observed among M. oculata populations (Table 3) 
Discussion
The standardized sampling approach tested here allowed for the most comprehensive analysis of clonality to date in two important, reef-building CWC species. The collection of representative data at each of the five reefs studied revealed the cold-water corals L. pertusa and M. oculata exhibit mostly low levels of clonality. The high values of clonal richness obtained for both species indicate that sexual reproduction is dominant, and only a small proportion of colonies originate from clonal reproduction. Generally, the clonality of CWC seems to have a predominantly local incidence (i.e. a clonal extent around a meter), as the few colonies found to belong to the same clonal lineage were generally aggregated.
The values of clonal richness we assessed in this work (between 0.87 and 1 for both species) are generally in agreement with those assessed by Morrison et al., (2011) , for L. pertusa at a larger scale (R varying from 0.73 to 1). The sampling scheme adopted by these authors, mostly using submersible or ROV, also devoted particular attention to the distance between sampled colonies (> 5 meters) to limit the collection of replicates of the same clone, whereas our approach aimed at tackling clonality as well as genetic diversity and favored a random distribution of samples. This former study and the present work, however, both showed much higher, and less variable, levels of clonal diversity than those reported by Le Goff-Vitry et al., (2004) for European L. pertusa reefs, where the genotypic richness varied from 0.12 (Darwin Mounds) to the maximal values of 1 for several others locations (but see the Table 2 of Le Goff-Vitry et al., 2004, for details). These discrepancies, sometimes large, may be attributed to regional differences in the rate of clonality. Yet, this seems unlikely, as no such regional differences among the Bay of Biscay (the present work), the Gulf of Mexico and the Southeastern U.S. coast (Morrison et al., 2011) were observed. Assessment of the clonality in European L. pertusa populations may have been biased by the sampling of colonies through trawling and/or the use of grab. Notably, the Darwin Mounds province was sampled by trawling (Table 1 in Le Goff-Vitry et al., 2004) . The blind collection of samples in this pioneer study leads us to suggest that the fragmentation of colonies during sampling and their incidental duplication in the dataset contributed to artificially low R values and led to an overestimation of asexuality. It is notable that similar limited influence of clonality was detected for M. oculata, for which clonal and genetic structure are characterized here for the first time with molecular markers.
A recent fine-scale study of L. pertusa (Dahl et al., 2012) reported much lower values of clonal richness , despite comparable sampling. This difference in results underscores the importance of the sampling regime and/or density, which estimators of clonality are highly dependent upon (ArnaudHaond et al., 2007; Barrès et al., 2012) . The lower values reported in Northern Sweden by Dahl et al, (2012) could be at first interpreted as a difference in the importance of clonal fragmentation in the Swedish reef compared to the Bay of Biscay reefs. Yet we suggest here that differences in degree of clonality between the studies may be due to the different grain size used for sampling. As exhaustive sampling was targeted to fully map a single reef in Dahl et al., (2012) , higher local sampling density in their small scale study favored the systematic sampling of adjacent colonies that are more likely to be clonemates, either colonies remnant of a larger one that fragmented through time, or colonies issued from settlement of fallen fragments next to the original colony. In our study, where representation of sampling quadrats for reef description and comparison was pursued rather than exhaustive sampling for fine-grained mapping, the average distance among colonies was larger and sampling density lower, which has been shown to artificially induce higher clonal diversity estimates . Thus, the random sampling strategy retained here is not aimed at providing precise estimates of clonality that are best approached by the Dahl et al., (2012) exhaustive sampling strategy, but rather at estimating its comparative extent and spatial influence across reefs and species. The inter-site differences in density (number of ramets per square-meter) may represent an additional source of bias in clonality assessment Baums et al., 2006) , potentially impeding comparisons of richness among sampling sites. Indeed, for equivalent sampling effort (i.e the number of collected colonies), dense reefs lead to a lower sampling density when compared with sparse reefs, and that translates to an underestimation of clonality (see Fig. 6 in . Arnaud-Haond et al., (2015) , in this issue, have performed density-estimations for both L. pertusa and M. oculata, using video-records conducted during sampling sessions. Due to the high patchiness of the spatial distribution of colonies, densities appeared low on average, but highly variable at the sampling quadrat scale. In the present case, the spatial extent of clonality was low, around a meter. Such differences in density may not drastically affect our ability to compare the estimations of clonality. To this extent, the present study allows confirmation that the limited clonal rate and dispersal observed in the Swedish reef (see Fig. 3 in Dahl et al., (2012) is not specific to the reef studied and that the occurrence of clonal extension is rare and spatially localized in reefs across the Bay of Biscay.
The tropical, shallow-water coral populations seem characterized by a globally higher rate of clonality, and a larger variance of clonal richness, fluctuating between very low, almost null, and maximal values (Baums et al., 2014; Baums et al., 2006; Coffroth and Lasker, 1998; Miller and Ayre, 2004; Pinzón et al., 2012) . Surface events, such as waves, storms and currents, represent potential drivers of perturbations leading to clonal fragmentation and high clonality (Baums et al., 2006) . In the deep-sea, mechanical actions also represent an explanation for rare but large clonal extension events (Dahl et al., 2012) . In the Bay of Biscay, the replicates of clones appear mostly aggregated (Table 1 , CR and Ac).
Even if two thirds of replicated MLLs in this area occurred when adjacent colonies were collected at the same sampling points, we occasionally sampled replicates of MLLs separated by large distances, between tens to hundreds of meters, as indicated by the values of clonal subrange (Tables 1 and 2) .
Those results are also in agreement with the previous fine-grained study of a Northern Scandinavian reefs (Dahl et al., 2012) of L. pertusa in the sense that long distances among clonal replicates were mostly observed here, as by Dahl et al., (2012) in trawled areas (see van den Beld et al., submitted in this issue for pictures). Therefore, it may be noted here that despite the presence of clonality, it generally does not seem to be prevalent over large distances, with the four exceptions of replicated MLGs at distances of about 50 to 150 meters (Tables 1 and 2 , column D (replicates)). These results, considering the low sampling density compared to the total number of colonies present in the sampled areas, suggests that the clonality of CWC, although scarce, may still have a local influence on population dynamics, particularly in impacted areas.
Our hypothesis of limited clonal extension is supported by the fine-grained spatial genetic structure.
The clonal aggregation results demonstrate significant spatial autocorrelation patterns for three L. pertusa populations ( Table 1 , quadrats 2 of Petite Sole and Guilvinec Canyons, and Morgat Canyon) and for the M. oculata population from the quadrat 1 of Guilvinec Canyon (Table 2 ). Yet, when excluding clonal replicates, no significant pattern was detected, except in the quadrat 1 of Petite Sole Canyon for M. oculata (Table 2, Figure 3) . Dahl et al., (2012) have suggested that 'Lophelia does not develop asexual larvae and that coral fragments are not transported over long distances'. Here, our results generally agree with this hypothesis that the recruitment of fragmented colonies remains mostly local. Yet, our sampling did not allow testing for the existence of asexual larvae that, if present, may have dispersed out of the sampling quadrats.
Finally, the lack of genetic differentiation across localities suggests large scale dispersal of sexual larvae of L. pertusa (Figure 4 ). Our L. pertusa results agree with previous studies that found genetic continuity along neighboring continental slope populations in both the eastern and western North Atlantic Ocean (Le Goff-Vitry et al., 2004; Morrison et al., 2011) . Interestingly, more pronounced differentiation was detected among M. oculata populations ( Figure 5 ). Our population genetic analysis of M. oculata in the Bay of Biscay supports at least four genetic units coinciding with four of the five explored canyons. Contrasting genetic structure between the two species could be due to differences in larval dispersal potential leading to distinct patterns of contemporary connectivity, a hypothesis difficult to ascertain as very few is known about the larval dispersal of CWC, particularly M. oculata.
A non-mutually exclusive hypothesis is that of distinct histories of colonization due to slight differences in habitat suitability, as an inverse gradient North -South was suggested by recent studies (Arnaud-Haond et al., 2015) . The geographical window of the present study being limited, additional sampling locations are required for an in-depth comparison of population dynamics and connectivity among reefs inhabited by L. pertusa and M. oculata, as well as phylogeographic studies to reconstruct their history along European coasts.
Conclusion
Here we demonstrate the feasibility of a protocol for a standardized and randomized sampling strategy in the deep-sea. Despite the fact that it is time-consuming and requires an extensive expertise in ROV manipulation, this sampling strategy presents a twofold advantage both for understanding fine-grained biological processes, and for inferences involving species conservation and management.
Standardization of a sampling regime and density is required for reliable biological comparisons among populations. Using this sampling approach, we demonstrated comparably high levels of clonal richness for both Lophelia pertusa and Madrepora oculata at the spatial scales considered and in all reefs explored. The use of random geographical coordinates allowed for the assessment of both clonal extension-predominantly very local-and fine-scale genetic structure. The significant pattern of autocorrelation, although observed in a single case, suggests that fine-grained spatial structure due to low dispersal of larvae from the mother colony or to settlement of clouds of closely related larvae is possible, at least for M. oculata.
A standardized and geo-georeferenced sampling strategy, that proved to be realistic, may be applied for other ecological studies as management strategies require rigorous and standardized methodologies for observation and sampling, particularly in the case of environmental impact assessments. Table 1 Clonal and genetic diversities of Lophelia pertusa populations assessed using 7 microsatellite markers. N, number of sampling units, corresponding to one colony; G, number of detected MLGs; R, the clonal richness; CR, the clonal subrange in meter; D(replicates), the distances between all pairs of replicates; Â(16) the allelic richness standardized for 16 sampling units; H e and H o , expected and observed heterozygosity, F IS -statistic for departure to Hardy-Weinberg equilibrium, ř d a measure of linkage disequilibrium and S p1 and S p2 statistic of spatial autocorrelation using the Loiselle's coefficient including and excluding clonal replicates, respectively; A c .the coefficient of aggregation of clonal replicates. *: p < 0.05; **: p < 0.01; ***: p < 0.001.
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Table 2
Clonal and genetic diversities of Madrepora oculata populations, assessed using 6 microsatellite markers. N, number of sampling units, corresponding to one colony; G, number of detected MLGs; R, the clonal richness; CR, the clonal subrange in meter; D(replicates), the distances between all pairs of replicates; Â(17) the allelic richness standardized for 17 sampling units; H e and H o , expected and observed heterozygosity, F IS -statistic for departure to Hardy-Weinberg equilibrium, ř d a measure of linkage disequilibrium and S p1 and S p2 statistic of spatial autocorrelation using the Loiselle's coefficient including and excluding clonal replicates, respectively; A c .the coefficient of aggregation of clonal replicates. *: p < 0.05; **: p < 0.01; ***: p < 0.001.
Table 3
Pairwise Fst-matrix using the θ estimator, after 1000 permutations, among Lophelia pertusa populations (above diagonal) and among Madrepora oculata populations (below diagonal). *: p < 0.05; **: p < 0.1 and ***: p < 0.001. lengths are proportional to its estimated probability of membership for the K clusters. The plots on the right correspond to the mean of estimated "log probability of data" for each value of K (on the top) and the ΔK of Evanno's method based on the rate of change in the log probability of data (on the bottom). No significant genetic structuring was detected in our dataset; the most likely number of clusters is (K) = 1. lengths are proportional to its estimated probability of membership for the K clusters. The plots on the right correspond to the mean of estimated "log probability of data" for each value of K (on the top) and the ΔK of Evanno's method based on the rate of change in the log probability of data (on the bottom). Four genetic units were detected from our dataset, as STRUCTURE HARVESTER outputs estimated that K=4 was the most likely number of clusters. The structure coincided with geography. 
